Phenolic composition and radical scavenging activity in the shochu distillery by-products of sweetpotato (Ipomoea batatas L.) treated with koji (Aspergillus awamori mut.) and cellulase (Cellulosin T2) were investigated to develop new uses. Koji and Cellulosin T2 treatment of shochu distillery by-products from sweetpotatoes, rice, and barley increased phenolic content. Caffeic acid was identified as a dominant phenolic component in the shochu distillery by-products of the sweetpotato. Adding koji and/or Cellulosin T2 to the shochu distillery by-product indicated that koji was involved in caffeic acid production. Caffeic acid was not detected in raw or steamed roots of ''Koganesengan'', the material of sweetpotato for shochu production, suggesting that it is produced during shochu fermentation. The phenolic content and radical scavenging activity the shochu distillery by-product treated with koji and Cellulosin T2 were superior to those of commercial vinegar. These results suggest that koji treatment of sweetpotato-derived shochu distillery byproducts has potential for food materials with physiological functions. Further koji treatment of sweetpotato shochu-distillery by-products may be applicable to mass production of caffeic acid.
Shochu is a traditional Japanese liquor made from rice, sweetpotatoes, and barley. Sweetpotato shochu is very popular, especially in southern Japan. Recent increases in shochu production have resulted in an enormous output of distillery by-products. Some of these by-products have been used as a feedstuff, 1) but most have been discarded into the ocean. But dumping of these by-products into the ocean becomes problematic from the perspective of environmental protection. Optimal treatment of distillery by-products is important for the success of commercial shochu production. Hence developing a new use for the shochu-distillery byproducts (SDBs) originating from the sweetpotato is necessary from the standpoint both of the economy and of environmental conservation. SDBs contain abundant amounts of such healthrelated food ingredients as citric acid, essential amino acids, vitamin E, dietary fiber, yeast, and minerals. The filter cake of the sweetpotato-fermentation residue has potential as a food material, with its high crude protein content and an amino acid balance superior to that of cereal grains.
2) Mahfudz et al. 3) and Ohtsuka et al. 4) pointed out the existence of a growth-promoting factor and the efficacy of increasing plasma concentration oftocopherol in SDBs for chickens. Also important is the possibility that SDBs contain polyphenolic components, since the sweetpotato storage root contains a high concentration of polyphenolics in raw 5, 6) and steamed storage roots. 7) Phenolics are bioactive compounds, and a diverse group of secondary metabolites are universally present in higher plants. 8) The antioxidant and anticarcinogenic properties of phenolics may account for the inverse association between fruit and vegetable intake and the incidence of coronary heart disease and cancer, as found in epidemiological studies. Some of these compounds with catechol structure, namely hydroxycinnamic acid derivatives, have been shown to exhibit multiple biological and pharmacological properties such as antimutagenic, 6) anti-inflammatory, 9) and anticarcinogenic activities. 10) Recently, particular attention has been given y To whom correspondence should be addressed. Tel: +81-986-24-4278; Fax: +81-986-24-4283; E-mail: mak825@affrc.go.jp Abbreviations: CA, caffeic acid; CQA, caffeoylquinic acid; ChA, chlorogenic acid (3-mono-O-caffeoylquinic acid); 3,4-diCQA, 3,4-di-Ocaffeoylquinic acid; 3,5-diCQA, 3,5-di-O-caffeoylquinic acid; 4,5-diCQA, 4,5-di-O-caffeoylquinic acid; DPPH, 1,1-diphenyl-2-picrylhydrazyl; MES, 2-morpholinoethansulfonic acid; SDB, shochu distillery by-product to the antioxidant or oxygen free-radical scavenging action of these phenolic compounds, because they may protect the human body from oxidative stress, which in turn is associated with aging, as well as cancer, diabetes, coronary heart disease, and Alzheimer's. 6, 7, [11] [12] [13] [14] [15] [16] Therefore, consumption of foods containing phenolic compounds can be expected to protect the human body from such conditions. 17) This paper describes the phenolic composition and radical scavenging activity of the sweetpotato SDB treated with koji, and its potential as a food material. To our knowledge, the phenolic composition of the SDB of the sweetpotato has not yet been reported.
Materials and Methods
Materials. ''Koganesengan'', a traditional variety for shochu production, was cultivated starting in May 2003 in an experimental field in Miyakonojo (Miyazaki, Japan). In October 2003, the storage root was harvested, washed, and divided into two equal portions along the major axis. One portion was directly diced, lyophilized, and ground to powder, and the remaining portion was similarly treated after steaming for about 1 h. All powdered samples were kept at 5 C. The SDB of sweetpotato, barley, and rice from Den-en Shuzo Co., Ltd., (Kagoshima, Japan) was applied.
Six kinds of polished rice vinegars, three kinds of unpolished rice vinegars, one kind of barley vinegar, and one kind of grain vinegar were purchased in the daily market.
Chemicals. Chlorogenic acid (ChA) was purchased from Sigma Chemical (St. Louis, MO, U.S.A.). 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2-morpholinoethansulfonic acid (MES), and caffeic acid (CA) were obtained from Wako Pure Chemical Industries (Osaka, Japan). Trolox (6-hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic acid) was purchased from Aldrich Chemical. Co. (Milwaukee, WI, U.S.A.). Cellulosin T2 (Trichoderma viride) was the product of HBI Enzymes, Inc. (Hyogo, Japan).
purified from the sweetpotato leaves were used as authentic standards.
18) The chemical structure of polyphenolics related sweetpotato roots is shown in Fig. 1 .
Measurement of phenolics.
A liquid sample was evaporated to dryness in vacuo and dissolved in a definite volume of deionized water. The resulting sample was lyophilized and re-dissolved in a definite volume of deionized water. The total phenolic content was determined according to the Folin-Ciocalteu method.
6) The liquid sample was diluted to obtain an absorbance reading within the range of the standards (800 to 40 g of ChA/ml). A clear liquid sample was directly applied in the experiment without any centrifugation. Absorbance in the microplate wells was measured at 600 nm with a dual-wavelength flying-spot scanning densitometer (Shimadzu, Kyoto, Japan) fitted with a microplate system, the results being expressed as mg of ChA/100 ml of liquid sample.
Quantification of phenolic acids by HPLC. The liquid sample was filtered through a cellulose acetate membrane (0.20 m, Advantec, Tokyo, Japan), and the filtrate was used as a sample. A 5-l portion of the filtrate was injected into an HPLC system consisting of two LC-10AD pumps, an SIL-10AXL autoinjector, a CTO-10A column oven, and an SPD-M10AVP UV-VIS photodiode array (Shimadzu). A YMC-Pack ODS-AM AM-302 column (4:6 mm ID Â 150 mm, 5 m particles; YMC, Kyoto, Japan) was used. The temperature was set to 40 C. The mobile phase consisted of water containing 0.2% (v/v) formic acid (A) and methanol (B). Elution was performed with 2% B from 0 to 15 min, a linear gradient of 2% to 45% of B from 15 to 50 min, and 45% B from 50 to 65 min. The flow rate was 1 ml/ min. Each polyphenol was compared with an authentic sample.
Treatment of SDB by Cellulosin T2 and/or koji. The sweetpotato SDB (5 ml) was treated with koji (1 g) and/ or Cellulosin T2 (5 mg) and allowed to settle at 50 C for 16 h. After cooling to 25 C, each reaction mixture was centrifuged at 1;100 Â g for 10 min, and the supernatant, filtrated through a 0.45 m filter (DISMIC-13HP, Advantec, Tokyo, Japan), was subjected to HPLC analysis.
Assay of DPPH radical scavenging activity. Radical scavenging activity was determined using a stable radical, DPPH, according to a previous report. 19) All the reaction was in a 96-well microplate with a total volume of 300 l. A sample solution (75 l) containing the test compound at different concentrations in 0.1 M MES buffer (pH 6.0) with 50% ethanol was added to 150 l of the same buffer. Seventy-five microliters of 0.4 mM DPPH solution in 50% ethanol was added to the mixture, which was then shaken and held for 2 min at room temperature. The decrease in DPPH absorbance at 520 nm was measured with a dual-wavelength flyingspot scanning densitometer (Shimadzu) fitted with a microplate system. All tests were performed in triplicate. The radical scavenging activity of the samples was expressed in terms of IC 50 (concentration in mol Trolox/ml of sample, required for a 50% decrease in the absorbance of DPPH radicals).
Results
Phenolic content of SDB from rice, barley, and sweetpotato Rice, barley, and sweetpotato have been used as the primary raw materials in shochu production. The effect of treatment with Cellulosin T2 and koji (Aspergillus awamori mut.) was examined in sweetpotato, rice, and barley SDBs (Fig. 2) . Cellulosin T2, which was selected from 34 kinds of cellulase preparations to enhance the separation of the liquids and solid mass in the SDB (data not shown), was added to the SDB, while koji was also added to improve the taste of the SDB. The phenolic contents of sweetpotato, rice, and barley SDBs untreated with koji or Cellulosin T2 were 117 AE 10, 263 AE 16, and 208 AE 20 mg ChA equivalence/100 ml; the SDBs treated with koji and Cellulosin T2 were 171 AE 5, 325 AE 5, and 245 AE 16 mg ChA equivalence/100 ml. Phenolic contents were about 1.2-to 1.5-fold higher in the SDBs treated with koji and Cellulosin T2 than in the untreated SDBs. These results suggest that adding Cellulosin T2 and/or koji to the SDB increases phenolic content.
HPLC analysis of SDB phenolic composition
The phenolic composition of sweetpotato SDB was analyzed with the HPLC (Fig. 3) . In the SDB untreated with koji or Cellulosin T2 (Fig. 3A) , at least four kinds of phenolic compound were detected. In the SDB treated with koji and Cellulosin T2, one peak was observed at the same retention time as Peak 2 in the untreated SDB (Fig. 3B ). Major Peak 2 was identified as CA by cochromatography with the standard and the SDB treated with Cellulosin T2 and koji (Fig. 3C) . The peak height corresponding to CA (Fig. 3B) was two times higher in the SDB treated with koji and Cellulosin T2 than in the untreated SDB (Fig. 3A) . The CA contents in the SDB untreated (Fig. 3A) or treated ( Fig. 3B ) with koji and Cellulosin T2 were about 11 mg/100 ml and 20 mg/ 100 ml, suggesting that treatment of the SDB with both Cellulosin T2 and koji increases CA content in the SDB. The chemical properties of minor compounds corresponding to the other three peaks were not pursued further in this experiment. These peaks were not observed in the chromatogram of the SDB extract after treatment with Cellulosin T2 and koji, suggesting that minor components corresponding to these three peaks may be CA derivatives.
Generation mechanism of the CA from the sweetpotato SDB Adding Cellulosin T2 and koji increased CA content in the SDB (Fig. 3B) . The experiment was carried out to confirm whether Cellulosin T2 and/or koji was involved in the increase of CA content in Cellulosin T2-and kojitreated SDB. The HPLC pattern (Fig. 4B ) from the SDB treated only with Cellulosin T2 was the same as that of SDB (Fig. 4A ) untreated with either koji or Cellulosin T2. The HPLC pattern (Fig. 4C ) from the SDB treated only with koji was the same as that of SDB (Fig. 4D ) treated with both koji and Cellulosin T2. These results clearly indicated that CA production in the sweetpotato SDB was due to koji, not to Cellulosin T2.
Changes in phenolic composition during shochu production CA and other phenolic compounds existed in the SDB before treatment with koji (Aspergillus awamori mut.) (Fig. 4C) . HPLC patterns of phenolic composition between the raw and steamed root and the SDB were compared to clarify the origin of CA and other compounds in the sweetpotato SDB (Fig. 5) . The phenolics in the raw storage root were identified as ChA (Retention time (t R ) = 32.8 min) and 3,5-diCQA (t R ¼ 46:7 min). Six peaks in the steamed storage root were detected; among them, ChA, unknown (t R ¼ 33:4 min), 4,5-diCQA (t R ¼ 46:0 min), 3,5-diCQA (t R ¼ 46:7 min), unknown (t R ¼ 48:4 min), and 3,4-diCQA (t R ¼ 49:9 min) were identified. Peaks corresponding to CA were scarcely observed in the raw and steamed storage root, indicating that ''Koganesengan'' did not originally contain CA in the storage root.
Comparison of phenolic contents and radical scavenging activity between koji-treated sweetpotato SDBs and commercial vinegar
The phenolic content and radical scavenging activity of the sweetpotato SDB treated with koji and Cellulosin T2 were compared with 11 kinds of commercial vinegars (Fig. 6) . Phenolic contents in the commercial vinegars varied from about 6 mg to 186 mg ChA equivalence/100 ml, while phenolic content in the SDB treated with koji and Cellulosin T2 was about 190 mg ChA equivalence/100 ml (Fig. 6B) . The radical scavenging activity of the SDB treated with koji and Cellulosin T2, and barley vinegar reached the highest values in the commercial vinegars (Fig. 6B ).
Discussion
Physiological function, which contributes to maintaining and improving human health, is an important factor in developing new food products. We paid attention to phenolic compounds in the sweetpotato SDB, since sweetpotato storage roots have a high content of phenolic compounds. [5] [6] [7] Hence phenolic compounds may be utilized in developing new applications of the SDB.
The dominant polyphenol in the SDB treated with koji (Aspergillus awamori mut.) and Cellulosin T2 was CA (Fig. 3) . The physiological function of CA and its analogs has attracted much attention and has been studied by many research groups. CA is known to have radical scavenging activity 19) and antimutagenicity, 20) to inhibit tumor proliferation 21) and histamine release from rat peritoneal mast cells, 22) and to possess antibacterial properties. 23) Several reports have indicated that CA is absorbed after oral administration and results in increased antioxidant capacity in vivo. [24] [25] [26] [27] The average phenolic acid intake of men and women is 222 mg/day within a large range, and the dominating one of all the phenolic acids is clearly CA (206 mg/day). 17) These reports suggest that CA might be one of the functional components in sweetpotato SDB.
ChA and three kinds of diCQA derivatives are major phenolic components in the raw root of ''Kokei No. 14'' and ''Kintoki'', while CA and 4-O-CQA are minor ones. 28) Walter et al. also reported that ChA and two kinds of diCQAs are major components and that 4-O-CQA is a minor in the raw root of ''Jewel''. 5) Shimozono et al. also reported that in the steamed root of ''Beniotome'', ChA and three kinds of diCQAs exist, but not CA. 7) These reports suggest that there is a compositional difference in CQA derivatives between the varieties of sweetpotato roots, and that CA was not a primary component in the raw or steamed root. In order to clarify the origin of CA in koji-treated SDB, polyphenolic composition was compared between the raw and steamed root of the ''Koganesengan'' variety, a material in shochu production. ChA and 3,5-diCQA were dominant polyphenolics, while ChA, 3,4-, 3,5-, and 4,5-diCQA, and unknown compounds existed in the steamed root (Fig. 5 ). Scarpati and Guiso have reported that on boiling a sample of 3,5-diCQA or 3,4-diCQA or 4,5-diCQA, the formation of a mixture of the three isomers, in approximately equivalent amounts, could be detected chromatographically. 29) But CA was not detected even in the steamed root (Fig. 5B) , indicating that steaming treatment does not vary ChA or 3,5-diCQA to CA. In koji (Aspergillus awamori mut.)-untreated SDB (Fig. 3A) , CA was a dominant polyphenolic component and followed three kinds of unknown polyphenolics. But CA and these three kinds of unknown polyphenolics were scarcely detected in the steamed root (Fig. 5B) , suggesting that CA production attributes to the action of an other koji, Aspergillus awamori var. kawachii, which has been used in shochu production. Furthermore, CA was detected as a dominant polyphenol in koji (Aspergillus awamori mut.)-treated SDB, and its treatment doubled the CA content (Fig. 3) . It can be presumed from these results that koji hydrolyzes CQA derivatives to CA and quinic acid. In the next report, we hope to demonstrate the hydrolysis of five kinds of purified CQA derivatives to CA by koji enzyme.
Recently, various kinds of vinegars have been used not only as food seasoning but also functional beverages. The liquid fraction of sweetpotato SDB containing citric acid abundantly is available as a vinegar-like seasoning. Polyphenolic content and radical scavenging activity was compared between commercial vinegars and the liquid prepared from koji-and Cellulosin T2-treated SDB. The koji-and Cellulosin T2-treated liquid showed the same degree of radical scavenging activity as barley vinegar which has been used as a functional beverage in Japan (Fig. 6) . These results imply that SDB can be reused as a material with physiological functions.
In conclusion, we found that treating sweetpotato SDB with koji increases the phenolic content and may convert the CQA derivatives to CA. This means that the koji treatment of agricultural by-products with CQA derivatives may be useful in the mass production of CA.
